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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the copper alloy for electronic ingredients which is 
excellent in reinforcement, conductivity, and a stress relaxation characteristic, and has a still better 
surface characteristic, i.e., good soldering nature, and plating nature, and its manufacture approach. 
[0002] 

[Description of the Prior Art] The copper alloy for electronic ingredients used for a leadframe, a 
terminal, a connector, etc. is required to reconcile reinforcement high as a basic property of a product 
and high electrical conductivity, or thermal conductivity. Since the miniaturization of electronic parts in 
recent years and high integration are furthermore required further, sheet metal-ization of a raw material 
is needed, and in the leadframe, the terminal, and the connector, the increment in the number of leads 
etc. and ** pitch-ization are progressing. A mechanical strength and electrical conductivity being 
excellent in the ingredient used furthermore from complication of a part shape and the demand of the 
improvement in dependability in an assembly and mounting, and also soldering nature's and plating 
nature's being good and a pan are asked for the good stress relaxation characteristic from a viewpoint of 
dependability about the terminal and the connector area article over a long period of time. 
[0003] Instead of the solid-solution-strengthening mold copper alloy represented by the bronze which 
does not get conventionally as a copper alloy for electronic ingredients, brass, etc., the amount of the 
copper alloy used of an age-hardening mold is increasing in recent years from high intensity and the 
viewpoint of high conductivity. While a detailed sludge distributes to homogeneity and the 
reinforcement of an alloy becomes high by carrying out aging treatment of the supersaturated solid 
solution by which solution treatment was carried out, the amount of dissolution elements in copper 
decreases, and electrical conductivity of an age-hardening mold copper alloy improves. 
[0004] Therefore, it excels in mechanical properties, such as reinforcement and spring nature, and, 
moreover, electrical conductivity and thermal conductivity are used as a good ingredient. There are 
many active elements as a deposit element here. Furthermore, an active metal may be further added in 
order to improve the property of an alloy. Among age-hardening mold copper alloys, a Cu-nickel-Si 
system copper alloy is a typical copper alloy having high intensity and high conductivity, and is put in 
practical use as a charge of electronic equipment lumber. This copper alloy has the description in the 
point that reinforcement and conductivity rise, when a detailed nickel-Si system intermetallic-compound 
particle deposits in a copper matrix. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the Cu-nickel-Si system alloy contains Si 
which is an active metal, in the production process, heat treatment is performed in reducibility gas or an 
inert gas ambient atmosphere. However, when heat-treating in said gas ambient atmosphere, even if the 
oxygen density in a heating furnace is a good ambient atmosphere 10 ppm or less, Si reacts with oxygen 
and the coat of Si02 generates it on a surface. Since it will become the cause by which soldering nature 
and plating nature deteriorate remarkably if the coat of Si02 exists in a material-list layer, it is necessary 
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to remove an oxide film before soldering or plating. However, since Si02 is insoluble in an acid, it 
cannot remove the coat in acid washing usually performed before mounting. Therefore, a material-list 
side must be ground after heat treatment, and productivity falls remarkably. 

[0006] The problem solving mentioned above was benefited for this invention, it has good soldering 
nature and plating nature in the Cu-nickel-Si system alloy which has sufficient reinforcement and 
sufficient electrical conductivity, and aims at offering the copper alloy for electronic ingredients which 
was further excellent also in the stress relaxation characteristic. 
[0007] 

[Means for Solving the Problem] It found out that a raw material suitable as a copper alloy for electronic 
ingredients could be offered by making Zn, Sn, Fe, Ti, Zr, Cr, aluminum, P, Mn, Ag, and Be contain if 
needed, after adding Mg into the Cu-nickel-Si system alloy and performing a quality governing, when 
the research on this invention persons and a Cu-nickel-Si system alloy was repeated, in order to solve 
the above-mentioned problem. 

[0008] Namely, this invention is carried out based on the above-mentioned knowledge. It was completed 
and is (1). nickel so that 1 .5 - 4.0% and Si may be contained 0.05 to 0.20% and 0.30 - 1 .2% and Mg may 
be set to nickel/Si=3-7 and Si/Mg<=8.0 by the weight ratio in them The copper alloy for electronic 
ingredients which was excellent in the reinforcement which it adjusts, and the remainder consists of Cu 
and an unescapable impurity, and is characterized by the ratio of Mg peak intensity / Si peak intensity of 
the Auger electron spectrum of the ingredient maximum front face after the last heat treatment being 
larger than 1 .0, conductivity, and a surface characteristic. 

[0009] (2) nickel Si 1 .5 to 4.0% 0.30 - 1 .2%, and Mg It adjusts so that one or more sorts may be 
contained 0.005 to 2.0% in a total amount among 0.05 - 0.20% content, and Zn, Sn, Fe, Ti, Zr, Cr, 
aluminum, P, Mn, Ag or Be and it may be set to nickel/Si=3-7 and Si/Mg<=8.0 by the weight ratio. The 
remainder Cu And the copper alloy for electronic ingredients which was excellent in the reinforcement 
which consists of an unescapable impurity and is characterized by the ratio of Mg peak intensity / Si 
peak intensity of the Auger electron spectrum of the ingredient maximum front face after the last heat 
treatment being larger than 1.0, conductivity, and a surface characteristic. 

[0010] (3) It is related with the manufacture approach of the copper alloy for electronic ingredients 
given in (1) characterized by performing the last heat treatment into reducibility gas or an inert gas 
ambient atmosphere in the range whose material temperature is 300-600 degrees C, or (2). 
[0011] 

[Embodiment of the Invention] Next, the reason which limited Mg of the presentation range of a copper 
alloy, nickel/Si and the Si/Mg ratio of concentration, and the ingredient maximum front face after the 
last heat treatment and the Auger electron peak intensity ratio of Si like the above in this invention is 
explained with the operation. 

[0012] (1) nickel, SiNi, and Si also maintain electrical conductivity highly, while nickel and Si form 
mutually the deposit particle of the intermetallic compound mainly minutely concerned with nickel2Si 
and make the reinforcement of an alloy increase remarkably by performing aging treatment. However, 
when nickel content is [ less than 1 .5% or Si content ] less than 0.30% When the reinforcement 
considered as a request is not obtained even if it adds the component of another side, and nickel content 
exceeds 4.0% or Si content exceeds 1 .2% Although sufficient reinforcement is obtained, the electrical 
conductivity considered as a request becomes low, the big and rough nickel-Si system particle (a 
crystallization object and sludge) which does not contribute to improvement in reinforcement fUrther 
generates in a host phase, and lowering of bending nature, etching nature, and plating nature is caused. 
Therefore, the content of Si was determined for the content of nickel as 0.30 - 1 .2% 1 ,5 to 4.0%. 
[0013] (2) Although MgMg was effective in improving the effectiveness and hot-working nature which 
improve a stress relaxation characteristic substantially, at less than 0.05%, the effectiveness was not 
acquired, but since fluidity (deterioration of casting surface quality), hot- working nature, and plating 
heatproof detachability would fall if it exceeds 0.20%, the content of Mg was determined as 0.05 - 
0.20%. 

[0014] (3) The reason for specifying the weight ratio (it being described as nickel/Si) of nickel/Si and 
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the amount of Si/Mg weight ratio Si, and the amount of nickel as 3-7 is because the electrical 
conductivity after aging treatment can be raised more by bringing the weight ratio of nickel and Si in an 
alloy close to the ratio of concentration of nickel and Si of nickel2Si which is an intermetallic 
compound. In addition to electrical conductivity falling, since nickel/Si becomes superfluous [ Si 
concentration ] to a nickel2Si presentation less than by three, when the amount of dissolution Si in a 
matrix increases, at the time of heat treatment, it becomes easy to generate Si oxide film to a material- 
list side, and soldering nature and plating nature cause degradation. 

[0015] In order to reduce the amount of dissolution Si as much as possible from said reason, the amount 
of nickel has a way good although the weight ratio to a nickel2Si presentation is nickel/Si=4 liable to 
superfluous a little to a nickel2Si presentation. However, since the amount of superfluous nickel will 
increase to a nickel2Si presentation if nickel/Si exceeds 7, the electrical conductivity considered as a 
request is not obtained. Therefore, the weight ratio of Si and nickel for obtaining good electrical 
conductivity, soldering nature, and plating nature is nickel/Si=3-7, and 4.5 is the most desirable. 
[0016] the presentation of the oxide with which the reason specified or less as 8.0 generates the weight 
ratio (it is described as Si/Mg below) of the amount of Mg, and the amount of Si to a material-list side at 
the time of the last heat treatment — Si oxide ~ receiving - Mg oxide — it is for considering as a rich 
presentation. Although many of Si contained into this invention alloy forms nickel and a compound, a 
part of Si dissolves in a matrix, and the Si oxide Si02 is generated by the material-list layer at the time 
of heat treatment. Moreover, since Mg is also an active metal, the Mg oxide MgO is generated at the 
time of heat treatment. Moreover, these oxides turn into 2 MgO-Si02 and MgO-Si02 compound 
according to each amount of generation. 

[0017] MgO and 2 MgO-Si02 which are generated in a MgO rich field among said oxides are all 
meltable in an acid, and Si02 and MgO-Si02 which are generated in a Si02 rich field are all insoluble 
(it does not act on an acid) at an acid. Since a surface oxide layer is easily removed by acid washing 
before mounting when the presentation of the scaling object after heat treatment is the thing of a MgO 
rich field, soldering nature and plating nature become good. In order to make the oxide presentation after 
heat treatment into the thing of a MgO rich field in the component presentation of this invention alloy, it 
became clear that it is effective to be referred to as Si/Mg<=8.0 after being referred to as nickel/Si=3-7. 
Therefore, the weight ratio of Mg and Si for obtaining good soldering nature and good plating nature in 
the component presentation of this invention alloy is 8.0 or less, and it is effective to carry out to 6.0 or 
less still more preferably. 

[0018] (4) an Auger electron peak intensity specific surface — although it is effective to specify a 
nickel/Si ratio and Si/Mg further after specifying the component range of nickel, Si, and Mg as 
mentioned above in order to obtain the copper alloy excellent in description, depending on manufacture 
conditions, the presentation of a surface oxide layer may not become the thing of a Mg oxide rich field 
This is considered to be a complex operation of an addition component and the amount of components, 
heat treatment conditions (heating temperature, time amount), etc. Then, as a result of this invention 
person's conducting detailed examination, it became clear by adjusting a quality governing and heat 
treatment conditions that the alloy considered as a request was obtained so that the ratio of Mg peak 
intensity / Si peak intensity of the Auger electron spectrum of the ingredient maximum front face after 
the last heat treatment might become larger than 1 .0. 

[0019] 1.0 or more should just be the ratio of Mg subpeak in the differential mold wide spectrum 
specifically obtained by the qualitative analysis of Auger electron spectroscopy (energy value: 1 170- 
1 190eV), and Si subpeak (energy value: 1605-1625eV) on the strength (peak amplitude). Although the 
Maine peak exists in a low energy side, since both energy value is concentrating Mg and Si on near and 
the location where the same is said of the peak of other elements, the peak has lapped and the reason 
evaluated by the subpeak is because identification is difficult. Therefore, what is necessary is just to 
make it become for it to be more desirable and larger than 1.5 so that the ratio of Mg peak intensity / Si 
peak intensity of the Auger electron spectrum of the ingredient maximum front face after the last heat 
treatment may become larger than 1.0 after specifying nickel/Si and a Si/Mg ratio, in order to obtain 
good soldering nature and good plating nature in the component presentation of this invention alloy. 
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[0020] (5) Zn, Sn, Fe, Ti, Zr, Cr, aluminum, P, Mn, Ag or BeZn, and Sn, Fe, Ti, Zr, Cr, aluminum, P, 
Mn, Ag or Be has the operation which improves the reinforcement of a Cu-nickel-Si system copper 
alloy, and thermal resistance. Moreover, there is effectiveness of improving the thermal resistance of the 
soldered joint section in Zn, in these, and there is effectiveness which makes an organization detailed in 
Fe. Furthermore, Ti, Zr, aluminum, and Mn also have the effectiveness of improving hot rolling nature. 
This reason is for mitigating the segregation of the sulfur to the ingot grain boundary which forms sulfur 
and a compound since these elements of compatibility with sulfur are strong, and causes a hot rolling 
crack. The above-mentioned effectiveness is not acquired with the content of Zn, Sn, Fe, Ti, Zr, Cr, 
aluminum, P, Mn, Ag, or Be being less than 0.005% in a total amount, but if the total content exceeds 
2.0% on the other hand, electrical conductivity will fall remarkably. Then, these contents are determined 
as .0.005 - 2.0% in a total amount. 

[0021] Next, the manufacture approach for obtaining this alloy is explained. Although repetitive 
manufacturing of this invention alloy is carried out in rolling and heat treatment, generally in the 
production process of a copper alloy, heat treatment is performed after the last cold working in many 
cases. It is divided roughly into distorted picking annealing, aging treatment, and refining annealing 
although the object of this heat treatment changes with processing hysteresis and applications of a 
product. Although it is desirable to perform these heat treatments in reducing gas or an inert gas ambient 
atmosphere, it is difficult, and since specifically acquires a target property, it must perform prolonged 
annealing that material temperature acquires a target property at less than 300 degrees C, and it is not 
economical. Since scaling advances remarkably and the deposit particle in a host phase dissolves further 
even if it is heat treatment in reducing atmosphere, when 600 degrees C is exceeded, reinforcement and 
conductivity fall. Moreover, in heat treatment in atmospheric air, it is not concerned with a temperature 
requirement but scaling advances remarkably. When material temperature exceeds 600 degrees C, since 
a scaling coat is thoroughly unremovable only by acid washing even if it specifies nickel, Si, the amount 
of Mg, and a weight ratio, in heat treatment in atmospheric air, polish of the material-list side of a 
considerable amount is needed. Therefore, the last heat treatment of this invention alloy needs to carry 
out in the range whose material temperature is 300-600 degrees C in reducibility gas or an inert gas 
ambient atmosphere. 
[0022] 

[Example] Hereafter, this invention is explained based on an example. The copper alloy of the various 
component presentations shown in a table 1 with a RF fiision furnace was ingoted, and it cast to the 
ingot with a thickness of 20mm. 
[0023] 
[A table 1] 
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0.09 




4.0 
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460 
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0.12 
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0.41 


0.00 




6.7 
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[0024] Next, after hot-rolling this ingot to 8mm in thickness and performing facing for surface 
descaling, it considered as the plate with a thickness of 1mm with cold rolling. Then, after performing 
solution treatment at the temperature of 850 degrees C, it cold-rolled to 0.4mm. And aging treatment of 
5 hours each was performed at the temperature from which the reinforcement highest by each 
presentation of 400-600 degrees C is obtained, after that, it considered as the plate with a thickness of 
0.25mm with cold rolling, and heat treatment for 10 seconds - 5 minutes was suitably performed at the 
temperature finally shown in a table 1 in the reducing gas (75%H2-25% N2) ambient atmosphere so that 
high intensity might be obtained further. 

[0025] By the scan micro Auger-electron-spectroscopy analysis apparatus, the Auger analysis of the 
sample after the last heat treatment carried out qualitative analysis at three places by the electron gun 
acceleration voltage of 5kV, and analysis field 50micrometerx50micrometer, measured the intensity 
ratio (gain) of Mg subpeak on the obtained differential mold wide spectrum, and Si subpeak, took the 
average, and was taken as the OJIE peak intensity ratio. 

[0026] Thus, many properties were evaluated per [ which was obtained ] each alloy. The result is shown 
in a table 2. 
[0027] 
[A table 2] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



5/10/2004 



Page 6 of 7 



\ 


No. 


ftttlt 
Mg/Si 


N/nn* 


HIACS 


IB 77 
% 


» 




1 


1.4 


710 


59 


18 


1.0 




I 


2J3 


781 


44 


16 


0.8 




3 


4.7 


698 


45 


16 


0.6 




4 


1.1 


064 


47 


19 


1.4 


* 


5 


2.6 


612 


54 


20 


1.2 


» 

m 
ft 


6 


3.9 


664 


49 


15 


0.9 


7 


1.3 


678 


52 


17 


1.1 


% 


8 


1.3 


647 


66 


20 


0.9 




0 


1.5 


702 


41 


20 


1.5 




10 


2.3 


725 


62 


17 


1.2 




11 


1.6 


714 


41 


19 


1.0 




ia 


5.1 


712 


48 


19 


0.6 




i 


1.4 


483 


66 


19 


0.8 




2 


2.3 


724 


37 


17 


1.1 




3 


1.1 


627 


48 


20 


1.5 




4 


4.8 


098 


49 


10 


0.9 


it 


6 


2.1 


690 


30 


17 


1.4 


« 


e 


1.9 


710 


30 


18 


1.3 


ft 


7 


0.9 


621 


38 


17 


2.2 




3 


0.8 


703 


47 


20 


2.4 




0 


0.7 


CBS 


44 


19 


3.4 




10 


0.3 


644 


45 


29 


X 

T-wan-4* [ 




11 


0.Q 


602 


47 


16 


2.0 




12 


0.8 


694 


•19 


17 


2.3 



[0028] About reinforcement, tensile strength was measured in the tension tester. Conductivity (%IACS) 
estimated electrical conductivity. The stress relaxation characteristic carried out the load of 80% of the 
bending stress of proof stress 0.2% in 150-degree C atmospheric air, and evaluated the rate of stress 
relaxation of 1000 hours after by %. The surface characteristic evaluated by soldering nature. 
Assessment of soldering nature was performed with meniscography, it was immersed in the Sn-Pb bath 
for 10 seconds in a depth of 2mm 60 235**3 -degree C%, and time amount until solder is thoroughly 
damp, and solder **** time amount were measured. In addition, after acetone cleaning, as acid washing, 
pretreatment before soldering nature assessment was immersed and stirred for 10 seconds at the 10vol% 
sulfiiric-acid water solution, made the test piece immersed for 5 seconds, and applied flux after rinsing / 
desiccation and into the 25% rosin-ethanol solution. Generally solder **** time amount is made good 
[ the thing for 2.0 or less seconds ]. 

[0029] As shown in a table 2, this invention alloy No. 1 -No. 12 have the outstanding reinforcement, 
conductivity, a stress relaxation characteristic, and soldering nature. Especially the rate of stress 
relaxation of any invention alloy is as good as 20% or less, and its solder **** time amount is also as 
good as 1.5 or less seconds. 

[0030] On the other hand, as compared with this invention alloy, although a presentation differs from 
this invention alloy in part, since nickel is low, reinforcement is inferior [ No.l ] in No.l-No.5 among 
comparison alloys. Since No.2 have high Si, conductivity is inferior in them. Since Mg is low, a stress 
relaxation characteristic is inferior in No.3. Although the property top of No.4 is good, since .No.5 to 
which the yield fell greatly since Mg concentration was high, the casting surface quality at the time of 
casting is bad and the crack occurred again at the time of hot working contain an accessory constituent 
across the range, conductivity is inferior in them. Although this invention alloy and the amount of 
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components of No.6-No.9 are still the more nearly same, a nickel/Si ratio differs from a Si/Mg ratio, 
since No.6 have the high nickel/Si ratio, conductivity is inferior, and since No.7 have the low nickel/Si 
ratio, they are inferior in conductivity and soldering nature. No. — since 8 and 9 have the large Si/Mg 
ratio, they are inferior in soldering nature. Moreover, about No. 10, since the Si/Mg ratio is low still 
larger, Mg is [ soldering nature ] a notably bad example. Although comparison alloy No.l 1 were the 
thing of the same presentation as this invention alloy, since the material temperature of the last heat 
treatment was over the upper limit of this invention, reinforcement fell and soldering nature also 
deteriorated further. Although comparison alloy No. 12 heat-treated the thing of the same presentation as 
this invention alloy at temperature with the last heat treatment temperature lower than the minimum 
temperature of this invention, although the mechanical characteristic was good, plate leaping took much 
time amount to it. Moreover, the OJIE peak intensity ratio became low and soldering nature resulted in 
deteriorating. 
[0031] 

[Effect of the Invention] As explained above, it has the reinforcement and the electrical conductivity 
which were excellent according to this invention, and the copper alloy which was further excellent also 
in a stress relaxation characteristic and soldering nature is obtained, and it is suitable as a leadframe, a 
terminal, and a copper alloy for connector isoelectronic ingredients. 



[Translation done.] 
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